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The changes in serum total CPK and its isoenzymes have not
been delineated in acute mesenteric infarction. As measure-
ment of serum CPK levels could conceivably be a useful diag-
nostic test for bowel infarction, this experiment was performed
to assess changes in serum CPK levels in bowel infarction in
dogs, using sham operation and talc peritonitis as controls.
Laparotomies were performed in 20 dogs, and each was as-
signed randomly to one of three groups: those having lapa-
rotomy (LAP), talc peritonitis (PER), and superior mesenteric
artery infarction (MAI). Mixed venous blood samples were ob-
tained from all subjects for 30 hours after surgery. All animals
were killed, and complete autopsies were performed. Con-
firmation of infarction and determination of its extent were
obtained through both gross and microscopic examination of
the gut in canines subjected to arterial infarction. Total serum
CPK levels were determined by spectrophotometric analysis.
Agarose gel electrophoresis was used to determine the levels
of each of the isoenzymes. Significant elevations of CPK and
CPK-MM occurred nine hours after injury. CPK-BB reached
maximum elevation by six hours, while CPK-MB did not reach
its maximum until 24 hours after injury. From data in the
study we conclude that total CPK and its isoenzymes become
elevated in the serum of canines subjected to experimental
superior mesenteric artery infarction. That CPK-BB eleva-
tions peak in the first 12 hours after injury and CPK-MB in the
second 12 hours after injury may be of particular diagnostic
significance.

T HE MORTALITY RATE in acute mesenteric infarction
due to arterial interruption has been reported at

85%.1 One of the principal reasons for this very high
mortality rate is that few diagnostic tests are specific
for mesenteric infarction in its early stages.1 A review
of the literature revealed isolated case reports suggest-
ing that serum CPK-BB might become elevated with
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intestinal necrosis.2-4 Firm experimental data delineat-
ing the changes in serum CPK and its isoenzymes in
relation to acute mesenteric infarction were not avail-
able. Hence, the following experiment was conducted
to delineate these changes.

Methods

The first phase of the experiment was designed to
evaluate the dog as a model. Samples were obtained
from five segments ofthe bowel from human and canine
subjects. Human samples were obtained at autopsy
in conjunction with normal pathologic examination. In
order to be included, the autopsy had to be conducted
within 12 hours of death to assure relatively fresh sam-
ples for analysis. All autopsy subjects died of disease
processes which did not affect the gastrointestinal
tract. Samples were obtained from the second portion
of the duodenum, the jejunum at 20 cm distal to the liga-
ment of Treitz, the ileum 20 cm proximal to the ileo-
cecal valve, the middle of the ascending colon, and the
middle of the descending colon. All samples included
full thickness of bowel wall. Each specimen was me-
chanically cleaned offecal material and washed in three
successive baths of Ringer's lactate. Each was trans-
ported to the laboratory immediately in a separate con-
tainer filled with Ringer's lactate.

Canine samples were obtained from normal animals.
Animals were excluded from the study if necropsy
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showed any acute disease process. Full-thickness sam-
ples of bowel wall were obtained from each of the three
parts of the small bowel in a manner analogous to that
conducted in the human subjects. Samples were taken
from the proximal and descending colon in the dog to
provide samples analogous to those from man. All
specimens were washed in three successive baths of
Ringer's lactate after being mechanically cleaned of
fecal material and transported to the laboratory in
individual containers filled with Ringer's lactate.
Upon arrival in the laboratory, 1 g samples of full-

thickness bowel wall were excised. No mesentery was
included in the sample. Weight of the sample for
analysis was determined to ±0.01 g on a Sartorious
type 2662 balance (Sartorius Werks, GMBM, Gottin-
gen, Germany). Each 1 g sample was placed in 10 cc of
fresh Ringer's lactate solution and homogenized for
one minute in a Virtis model 23 homogenizer (Virtis
Research Equipment, Gardener, New York 12525).
The homogenate was centrifuged for five minutes at
3000 RPM in a standard centrifuge. Total enzyme ac-

tivity was determined by spectrophotometric analysis
using a Centrifichemg autoanalyzer (Union Carbide,
Rye, NY) and standard Union Carbide reagents and
controls.56 Isoenzyme analysis was conducted with
agarose gel electrophoresis using the Corning ACIT
(Corning Medical, Medfield, MA) system equipped
with standard reagents and controls specific for the
Corning System.7-10 Results were tabulated and plotted
in graphic form. Levels of significance were evaluated
for individual parameters using the Student's t-test.
Serum samples obtained from dogs and from man on

a routine basis were used to determine normal levels of
the enzymes and the isoenzymes. The human samples,
obtained by standard venipuncture, were selected from
the sera of healthy patients submitted for routine
screening. Canine blood samples were drawn from
healthy animals using standard venipuncture tech-
niques. All blood samples were centrifuged at 3000
RPM for ten minutes. Serum was extracted using
standard pipettes. All samples were analyzed for total
CPK activity by spectrophotometric analysis using the
techniques already described. Isoenzymes were deter-
mined using the same method of agarose gel elec-
trophoresis described previously.5-10

In the second phase of the experiment, 20 mongrel
dogs weighing between 15 and 30 kg were selected as
subjects. General anesthesia was induced with intra-
venous sodium pentothal (19 mg/kg) accompanied by
atropine (0.4 mg/kg). After induction, general endo-
tracheal anesthesia was maintained with 1% Halo-
thane®, 57% oxygen, and 42% nitrous oxide. Midline
laparotomies were performed in each animal after a

central venous line had been established via a cutdown
into the external jugular vein and after baseline blood

samples had been obtained. The mesentery was
dissected, and the superior mesenteric artery was
identified. The animals were then selected randomly
and placed in one of three groups: those having
laparotomy (LAP), peritonitis (PER), and mesenteric
artery infarction (MAI). In the dogs who had
laparotomy only, the abdomen was closed. Those in the
peritonitis group had 10 g of,,talc in 100 cc of sterile
water placed in the peritoneal cavity prior to closure.
The dogs who were selected to have the mesenteric
artery infarction had the superior mesenteric artery
ligated and divided within 2 cm of the vessel's origin
prior to closure.

After surgery, intravenous therapy was terminated,
and the animals were allowed to recover. Blood sam-
ples were obtained at three, six, nine, 12, 24, 27, and 30
hours after surgery. The dogs were then killed, and
complete autopsies were conducted to confirm that the
desired experimental injury had occurred and that no

significant intercurrent disease existed.
The blood samples were centrifuged at 3000 RPM for

ten minutes immediately after collection, and the serum
was removed for analysis of CPK. Total enzymatic ac-
tivity was determined by spectrophotometric analysis
using Union Carbide (Centrifichem® Series 400) auto-
analyzer (Union Carbide, Rye, NY). Union Carbide
reagents arid control samples were used in all analyses.5'6
The isoenzyme fractions were determined by agarose

gel electrophoresis using the Corning ACI system
equipped with a Corning 720 densitometer and 722
data terminal.5-10 Reagents specific for this system
were used throughout all analyses. The results were
tabulated and expressed in graphic form to identify
trends. The Wilcoxon rank sum test1' was used to test
whether the distribution of a given variable (e.g., total
CPK) was the same between two comparison groups.
Observed significance levels (p values) were obtained
using the normal approximation and are reported as

one sided values.

Results
In the first phase, total mean CPK activity in the

bowel ranged between 50 and 100 IU per gram of tis-
sue in man (Fig. 1). Total CPK activity in the canine
was between 40 and 60 IU per gram of tissue. Although
the activity in the canine was consistently lower than
in the human, statistically significant differences did
not exist in the population presented. In all speci-
mens assayed (humans: N = 9; dogs: N = 12), all
three isoenzymes of CPK were present. CPK-BB
tended to have the highest concentration and CPK-
MM the lowest. At all levels, the dog and man were

comparable as to the distribution of the isoenzymes.
The normal serum values for CPK in both

man and dog are presented in Table 1. The standard

500 Ann. Surg. * April 1981



EXPERIMENTAL MESENTERIC INFARCTION

MAN CAMNE

FIG. 1. Total CPK as ex-
pressed in international
units per gram of bowel
tissue is presented for
both man and canine.
Bars represent standard
errors of the mean. Hu-
mans: N = 9; Canines:
N = 12.
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clinical normal range for serum CPK is 0 to 100 IU/L
(Standards for Union Carbide Reagents as stated by
manufacturer: Union Carbide, Rye, NY). The normal
values for the dogs were comparable but were slightly
lower than those recorded for the humans. The most
notable finding was the difference in isoenzyme pat-
terns. In man, only CPK-MM was present. In the dog
we were able to detect all three isoenzymes of CPK in
all serum samples. Both CPK-MM and CPK-BB were

present in relatively large quantities. CPK-MB was

present but it had the smallest concentration of the
three isoenzymes.

In presenting the results from the surgical procedures
conducted in the second phase of the study, the necrop-
sies added confirmation that the desired effects had
occurred. They showed that all seven dogs which had
laparotomies had only very mild peritoneal injection
secondary to surgery. Only one had a clot associated
with the central venous cannula; none had any inherent
cardiac pathology. All four dogs receiving intraperi-
toneal talc had severe fibropurulent peritonitis. One
had a clot associated with the tip of the central venous

cannula; none had cardiac pathology. All of the dogs
having mesenteric infarction had necrosis of the je-
junum and ileum. Two also had necrosis of the ascend-
ing colon, while one other had necrosis of part of
the duodenum and distal stomach as well as the ascend-
ing colon. Two had clots associated with venous can-

nulae, while one had a small hemorrhage into the sep-

tal leaflet of the tricuspid valve. None of the subjects
had intrinsic cardiac pathology.
The elevations of serum total CPK in each of the

three groups are presented in Figure 2. All three groups

entered the experiment with nearly identical mean
serum total CPK values. Note that the serum total
CPK activity remained significantly elevated in the
canines that had mesenteric artery infarctions through-
out the 30 hours after surgery. Significant elevations in
serum total CPK appeared at three hours after injury
and reached maximal values at nine hours after injury
in the dogs undergoing mesenteric artery infarctions.
Although the serum total CPK levels rose to twice the
upper limits of normal (100 1U/L) in the dogs that were
in the LAP and PER groups, they could not be dis-
tinguished from each other. The group undergoing
MAI, however, was significantly different (p < 0.01)
from either the PER or LAP groups.
Serum levels of CPK-MM, the isoenzyme found in

the largest concentrations in skeletal muscle, rose sig-
nificantly in the MAI group by three hours after injury,
peaked at nine hours after injury, and remained ele-
vated throughout the 30-hour study period (Fig. 3). The
levels of serum CPK-MM in the LAP and PER groups
rose but were significantly different (p < 0.01) from
the values obtained for the canines in the MAI group.
Once again, the LAP and PER groups were indistin-
guishable.
The serum values of CPK-MB (the cardiac isoen-

TABLE 1. Normal Serum Values of CPK in Man and Dog

Total CPK CPK Isoenzymes (% + SEM)
(IU/L
± SEM) MM MB BB

Man (N = 20) 50.5 ± 6.3 100 0 0
Dog (N = 15) 33.2 ± 2.9 34.7 ± 3.1 18.2 ± 4.7 45.1 ± 3.6
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FIG. 2. The total activity of CPK in the dogs expe
teric infarctions (MAI) was at maximum elevation al
injury. When compared with the dogs who had lapz
or peritonitis the difference is significant (p < 0.01)
standard errors of the mean.

zyme) rose in the MAI group, but the val
significantly different until nine hours afte
4a). The values fell from their maximal de
after the 24-hour sample but remained el
the 30-hour sample. When compared w
and PER groups, the values of CPK-MB i
the MAI animals were significantly
< 0.01). The serum values for the LA
groups were virtually identical for the MB
The group of MAI dogs can be divided i

groups: those that died between 24 and 2
arterial ligation (mortalities: n = 3) and th
vived to complete the experiment (surviN
The mean values of serum CPK-MB ft
group are represented in Figure 4b. N
survivors tended to have lower serum CPI
than did the subjects that died. Statistica
between the subgroups were not demons
evident from the bars which represent
errors of the mean for each value.
Serum values for CPK-BB (the isoenzy:

found in brain and smooth muscle) became
elevated in the sera of the dogs having M)
hours after injury (Fig. 5). Maximal value

MI N=7

of the MAI group were obtained six hours after injury.
Serum values of this isoenzyme declined after six hours
even though they remained elevated throughout the
30-hour study period. The values in the MAI group
were significantly different (p < 0.01) when compared
with the LAP and PER groups. Serum values for this
isoenzyme were virtually the same in the LAP and PER
group.

Figure 6 shows a composite of the serum levels of
CPK and each of its three isoenzymes in the canines
experiencing mesenteric artery infarctions. The skele-
tal muscle isoenzyme (CPK-MM) always is the major
component present. CPK-BB rises early and then falls
but does not return to preoperative levels. CPK-MB
has a slow and steady rise and peaks at 24 hours after
the procedure.

Discussion

The levels of total CPK activity we found in full-
UP N=9 thickness, human bowel wall are similar to those in

previous reports. Roberts and associates'2 found levels
of 180 IU/g of tissue in the surgically resected bowel

IPERITOTS N=4 specimens which they investigated. The amount
24 27 30 present was of a much smaller order of magnitude than

skeletal muscle (3,000 IU/g) and ventricular myocar-
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me generally FIG. 3. Activity of CPK-MM in the serum of dogs subjected to
significantly laparotomy (LAP), peritonitis, and mesenteric artery infarctionsignificantly (MAI). The values in the MAI group are significantly differentk's by three from the LAP and peritonitis groups at the p < 0.01 level. Bars
s in the sera represent standard errors of the mean.
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dium (1200 IU/g).12 Other studies conducted on surgi-
cal specimens yielded results of the same order of mag-
nitude. 13

In our studies, we found all three isoenzymes ofCPK
in every homogenized sample of full-thickness bowel
we processed. Other authors have reported finding only
CPK-BB.12'13 Several possible explanations for the
variance may be offered. The most plausible concerns

dilution of the supernatant for electrophoresis. We
found that by sequentially diluting the supernatant to
achieve high resolution of each band, one could reach
dilutional levels wherein the electrophoretic apparatus
would detect only the CPK-BB and would not register
the other two. A further source of error could have
been in extraction and storage of the specimens in the
other methods. In our samples, the assays were com-

pleted as soon as possible after the supernatants were

removed from the homogenate. All samples were

processed within 24 hours to prevent any bacterial
digestion of the enzymes. CPK samples that could not
be processed as soon as they were obtained were frozen
to preserve activity even though the time until proc-

essing would be only a few hours.
The levels of total CPK in human bowel samples

were consistently higher than the canine values. Sta-
tistical analysis, however, did not reveal any signifi-
cant difference between man and dog at any of the
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FIG. 4a. The levels of CPK-MB (cardiac isoenzyme) in the serum

of the three experimental groups. Bars represent standard errors of
the mean. The scale on the vertical axis (international units/L)
is expanded more than in Figures 1 and 2. x2 = 10.81. p < 0.01.

HOURS AFTER INJURY
FIG. 4b. In this graph, the group of MAI dogs has been divided into
two subgroups: three dogs dying between 24 and 27 hours and the
four survivors who completed the entire experiment. The continuing
increase in CPK-MB in the sera of the dogs suffering mortalities
explains the large standard error of the mean in the 24-hour
samples for the entire group.

levels of the gastrointestinal tract that were studied.
Inspection of the levels of isoenzymes of CPK in the
gastrointestinal tract shows that the dog and man are

quite comparable. All three isoenzymes of CPK were

present in all samples. CPK-BB tended to have the
highest concentration at all levels, and CPK-MM had
the lowest. In comparing these findings with serum val-
ues, it is clear that CPK-MB and CPK-BB have the
greatest potential prognostic value in evaluating mesen-
teric infarction in man since they are virtually nonexist-
ent in normal human serum. Sophisticated techniques
are capable of detecting CPK-MB in the sera of healthy
patients at levels between 0 and 6 IU/L.12 Such levels
have been considered to reflect the normal values for
this isoenzyme in serum. Canine serum, on the other
hand, had levels of all three isoenzymes in the normal
state. Hence, the increased presence of CPK-MB or

CPK-BB in canine serum cannot be construed as ab-
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FIG. 5. Changes in CPK-BB (smooth muscle isoenzyme) with
time after procedure. Note that CPK-BB elevates significantly (p
< 0.01) within three hours after infarctions. The canines who had
laparotomies are indistinguishable from those who had peritonitis.
Note that the scale on the vertical axis is expanded. Bars represent
standard errors of the mean. x2 = 14.24. p < 0.01.

normal. When these isoenzymes are used to evaluate
mesenteric infarction in the dog, the baseline level has
to be determined for each subject and the absolute in-
crease in each of the two has to be plotted.
The results from the experimental infarctions need

to be interpreted with respect to the data generated in
the analysis of the bowel samples. Elevations of total
CPK seen in the serum of these dogs consisted pri-
marily of skeletal muscle CPK (MM isoenzyme), de-
spite the fact that our tissue investigations have
shown that all three isoenzymes are apparent in nearly
equal concentrations throughout all levels of the small
and large bowel. Several plausible explanations for this
phenomenon exist. CPK-BB, the isoenzyme of CPK
generally accepted to be predominant in smooth mus-

cle, has a very short half-life in serum of approximately
40 minutes.'4 Whether it is metabolized to an inert
product or to the MM isoenzyme is not clear. Local
tissue metabolism of both the MB and BB isoenzymes
could certainly decrease the amount that is transported
to the serum. Some investigators, for example, have

postulated that only 15% of the relatively large quanti-
ties ofCPK-MB liberated in myocardial infarction ever
reaches the serum because much is metabolized in the
myocardium and during lymphatic transport.'5 It could
be postulated that the same metabolic transformations
and/or degradation could be operating on both CPK-
MB and BB liberated during mesenteric infarction.
Substantiation for this theory is not available at
present.
The large standard error of the mean apparent in

the 24-hour determinations of serum CPK-MB levels
in the dogs receiving mesenteric artery ligations can
best be understood by dividing the group into two sub-
groups (Fig. 4b). In the first subgroup, the collateral
circulation in the mesentery was not sufficient to sus-
tain life beyond 24 hours after injury. In these three
dogs, the infarction led to a progressive downhill course
which resulted in their deaths between 24 and 27 hours.
These dogs, which had very high levels of total CPK
in their serum, died before the 27-hour samples were
obtained. The remaining four dogs had sufficient col-
laterals to allow them to survive through the 30-hour

1500I

1400

1300

1200A

1100 |

1000 _

900-

Boo

700-

600-

500-

400- CPK TOTAL

300-

200- P-A
CPK-98

100- CPK.MAB

0 3 6 9 2 15 18 21 24 27 30
HOURS AFTER INJURY

FIG. 6. This summarizes the changes in CPK and its isoenzymes
seen in the sera of canines who have had mesenteric artery infarc-
tions.

Ann. Surg. * April 1981



Vol. 193 * No. 4 EXPERI1ENTAL MESENTERIC INFARCTION 505

period. Their total serum CPK values were generally
lower than in the three other canines.
The variability of response to superior mesenteric

ligation in dogs is large. Our pilot study showed that
some dogs have sufficient collateral circulation to with-
stand complete interruption of the superior mesenteric
artery without bowel necrosis. For this reason, each
dog in the study received a complete necropsy by a
veterinary pathologist to confirm that the desired injury
had occurred. A further benefit of the necropsy was
that any intercurrent disease which could have affected
the serum isoenzyme levels could be ruled out.
As we have shown, the dog is a good model in which

to study CPK in acute mesenteric infarction because
dog and man have comparable levels of total and iso-
enzyme fractions ofCPK in each segment of the bowel.
Correlation with human case reports can be conducted
with reasonable certainty because of the marked simi-
larities between dog and man. To our knowledge, only
three reports discussing CPK in mesenteric infarction
have been published.24 In two of these, no detailed in-
formation concerning the patients with mesenteric in-
farction was rendered.34 Lamar and his associates
noted that five of their 41 patients who had been found
to have CPK-BB in their sera were proven to have
bowel necrosis.4 In a review that focused on the poten-
tial of CPK-BB for diagnosing central nervous system
injury, Itano found one case of membranous entero-
colitis which was associated with the presence ofCPK-
BB in the serum.3 In the most detailed report to date,
Doran presented a case of acute infarction of a 12 cm
segment of the sigmoid colon in a 33-year-old man who
had associated serum changes in total CPK and its
isoenzymes.2 The total CPK and each of the isoen-
zymes were elevated in the patient's serum until the
necrotic bowel was resected. After resection, the total
CPK and the isoenzymes returned to normal. The pa-
tient died subsequently in renal failure. Autopsy ex-
amination confirmed that no myocardial damage ex-
,isted. Electrophoresis of supernatants taken by that
laboratory from human transverse colon showed that
all three isoenzymes were present. These findings are in
agreement with our studies on bowel specimens.
The temporal course of the elevations of each iso-

enzyme has not been addressed in any of the published
reports cited above. As can be noted from the experi-
mental data in this paper, the serum CPK-BB isoen-
zyme rises in the first 12 hours of a mesenteric infarc-
tion, while the CPK-MB isoenzyme rises during the
second 12 hours. Two of the previously published
articles refer only to the BB isoenzyme and do not dis-
cuss any temporal aspects of its elevation.3'4 The one
complete case report noted that dl three isoenzymes of
CPK were present in the patient's serum but there was

no mention of their temporal relationship. We feel that
the temporal appearance of each of the isoenzymes in
the serum should be stated in any future reports be-
cause this may have diagnostic significance.

In summary, we have shown in the animal model
that total serum CPK is elevated in the presence of is-
chemic bowel necrosis. By measuring the separate iso-
enzymes over time, we have further documented that
the MM isoenzyme is predominant and that the BB iso-
enzyme peaks at six hours after superior mesenteric
artery ligation. The MB isoenzyme is elevated also and
peaks at 24 hours after arterial ligation. This study,
plus isolated case reports of elevated serum CPK levels
in humans with bowel necrosis, provides the impetus
for a rigorous clinical study to assess the usefulness of
serum CPK levels in diagnosing bowel ischemia and
necrosis.
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